Introduction
The ability to high-grade shale gas resource plays is of fundamental interest to any operator. This interest arises from the importance of optimizing completion efforts in shale gas and tight gas plays as they are capital intensive. Combined with a challenged gas market the ability to effectively maximize stimulated rock volume (SRV) provides a competitive advantage. Inconsistent productivity in horizontal wells through "homogeneous" media suggests variable SRV and has directed geophysics to mapping "sweet spots". Here, we investigate the factors influencing sweet spots and propose that they are primarily attributed to variations in areas of increased gas in place (GIP) and recovery factor (Rf). Methods have been presented to estimate the minimum closure stress from seismic data and it has been correlated to the brittleness of a rock as shown by Goodway et al. (2010) . Although brittleness has the largest impact on closure stress there are other important parameters. It is shown that by including these other parameters, namely pore pressure and anisotropy, through fractures or stress, the correlation between EUR and seismic derived rock properties is improved.
Method
To construct resource play seismic interpretation templates one has to consider the main drivers for viably economic development:
1. An estimate of original gas in place (OGIP) 2. Understanding of the impact of physical factors that maximize the amount of SRV and thus the recovery factor (Rf) The Lambda-Mu-Rho crossplot (LMR) is used to visualize all of these influential parameters. LMR was introduced by Goodway et al. (1997) for improved fluid detection and lithology discrimination. However, as will be shown, it can be used to estimate OGIP and EUR. The parameters of λρ and μρ are measures of incompressibility and rigidity respectively, and are defined as 

(1) where Ip and Is are P-wave and S-wave impedance. In LMR crossplot space, rock physics trend lines can be superimposed, which describe how the physical properties of λρ and μρ vary with mineralogy, porosity and fluid content. In this case, the combination of Hertz-Mindlin contact theory and the lower modified Hashin-Shtrikman bounds are used to guide interpretations as it relates to mineralogy and porosity (Dvorkin and Nur, 1996) . The Hertz Mindlin contact theory describes the effective bulk and shear moduli for a critical porosity, φ c by 
where n is the coordination number, G is the grain shear modulus, P is pressure and υ is the grain Poisson"s ratio. The modified Hashin-Shtrikman lower bound connects the critical porosity end member to the solid (zero porosity) bulk and shear end member by
and K s and G s are the solid bulk and shear modulus of the material. Also introduced into the LMR crossplot space is the impact of effective porosity. A simple equation is used to relate total porosity, clay volume and clay porosity to effective porosity,
Effective porosity can then be mapped in LMR crossplot space through the aforementioned porosity dependent rock physics trends. Figure 1 illustrates the mapping of lines of constant effective porosity for varying mineralogical mixtures and how it contrasts with estimates of total porosity. For a given interval of a specific thickness one can use the lines of constant effective porosity as lines of increasing gas in place (GIP). In this way, rock physics trend lines in LMR space can be used to estimate GIP.
To estimate the impact of measured rock properties on completions, the closure stress scalar, defined by Goodway et al. (2010) as
gives an indication of rock brittleness and can be used as a proxy for ability of rock to sustain an effective hydraulic fracture. A simple way of thinking of this is in terms of how rocks fail. There are two end members for rock failure; brittle and ductile. Ductile failure is characterized by a large amount of strain (plastic deformation) before fracture while brittle failure has little to no plastic deformation. Poisson"s ratio can then be viewed as a measure of brittle versus ductile behavior -the closure stress scalar specifies "how" the rock will fail. In fact, Goodway (pers. comm.) shows that the closure stress scalar is a bound Poisson"s ratio. It follows that with greater fracture effectiveness, the greater the recovery factor and thus the greater the estimated ultimate recovery (EUR) for low permeability rock. In this way recovery factor can be estimated through LMR analysis. Minimum closure stress is another measurement which can impact unconventional resource play development. The ability to map out closure stress seismically could prove to be beneficial in designing the appropriate hydraulic fracture treatments. The minimum closure stress is the amount of pressure required to open a fracture and is given by Sayers,
and recast in terms of λ and μ by Goodway et al 2010 as
The parameters of interest consist of rock properties, ν, Poisson"s ratio, and λ/(λ+2μ) where λ and μ are the Lamé parameters, pore pressure (p) and the tectonic strain energy term (2μ[(ε yy 2 -ε xx 2 )/ε yy ]). Crossplotting the effective minimum horizontal stress against the effective overburden stress shows basic relationship between the three parameters that affect the minimum horizontal stress. For a given overburden value, the minimum closure stress will decrease with decreasing closure stress scalar values Increasing and decreasing pore pressure will also affect the minimum closure stress. With increasing pore pressure, both the effective vertical and minimum closure stress will decrease. In a stressed environment, the minimum closure stress can increase, or decrease, depending on the geometry of the strain. Note that with positive tectonic strain energy the minimum closure stress increases. Transferring these trends into the geophysical LMR space allows for interpretation and mapping of minimum closure stress in a regional context for distinct stratigraphic intervals. With sufficient well control it is possible to outline lithologic and mineralogic variations and assess crossplot scatter as perturbations in pore pressure and horizontal stresses or fractures. The LMR crossplots assume inverted seismic data under an isotropic assumption. The fracture interpretation follows the analysis outlined in Perez, (2010). It is also instructive to plot the ratio of λ/(λ+2μ) against λρ and μρ individually. This allows for differentiation of rock property effects, λ/(λ+2μ), from the effects of pore pressure and horizontal stress or fractures.
With the additional data contained in amplitude and velocity variations with offset and azimuth, stress or fracture information can be included to corroborate the isotropic inversion results and distinguish between lithologic variations and the presence of fractures or nonzero differential stress in the horizontal plane. Methods, such as the one described by Downton and Roure (2010), simultaneously invert for isotropic mechanical properties as well as normal and tangential compliances used to characterize fractures in a rock. These combinations of plots are used to high-grade development plans and facilitate appropriate capital expenditure based on reservoir quality and influential hydraulic fracture parameters. Understanding that completing a zone will have parameters out of an engineers control will allow for appropriate production expectations and minimize over capitalization of the project.
Example Data
The Horn River basin in Northeast British Columbia is a large gas shale play where 3d seismic data has been acquired and are being used to construct and calibrate interpretation templates that can be used in assessing reservoir potential. Superimposing seismically derived attributes on the template plots validates the heuristic templates developed previously. The data plots out along the more ductile trend lines. The material balance calculated EUR"s correlate with seismically derived λρ and μρ values as predicted by the interpretation templates -that with decreasing closure stress scalar and increasing λρ the expectation is a decreasing GIP, decreased recovery factor and thus decreasing EUR. Assuming minimal seismic error in the inversion process, variations in EUR for similar ranges in λρ and μρ can be attributed to variations in fracture or stress induced anisotropy. Using the Δ N /Δ T ratio, the normal and tangential weaknesses of fractures respectively (Schoenberg and Douma, 1988) , as a fracture fill indicator and assuming that stress induced anisotropy will have equivalent Thomsen parameters (Gurevich and Pervukhina, 2010), ε = δ, or equivalently, Δ N /Δ T = (Vp/Vs) 2 , then scatter in EUR data can be rationalized. It is noted that, in general, values with large Δ N /Δ T have lower EUR/frac for similar values of λ/(λ+2μ). The interpretation is that in the presence of large fractures density, the hydraulic fracture treatment is not able to stimulate as large of a volume as compared to areas with no fractures. 
Conclusions
Enhancing the ability for seismic data to provide more than a subsurface image allows for optimized capital expenditure in large scale unconventional plays. Understanding the in-situ parameters controlling the SRV and ultimate gas recovery is vital for a successful program. Seismic data can help in high-grading reservoir quality using advanced seismic techniques with the appropriate interpretation templates.
